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Executive Summary
Codes and standards are implemented to ensure that processes and products meet uniform requirements. These requirements pertain to either safety or performance specifications. The Codes and Standards Group at the National Renewable Energy Laboratory (NREL) conducted an analysis of the full range of codes and standards that apply to stationary fuel cell applications to determine where the gaps are located in the codes and standards and what work must be performed to fill these gaps. The major codes and standards are in place to allow for the implementation of stationary fuel cells. Fuel cells projects may be slowed by issues of coordination or clarity in codes and standards but are not being stopped by these gaps. The fuel cell technologies that are making the most commercial progress are:
1. Polymer Electrolyte Membrane (PEM) fuel cells used primarily for backup power 2. Phosphoric Acid fuel cells 3. Solid Oxide Fuel Cells 4. Molten Carbonate fuel cells. Table 1 summarizes key gaps in existing stationary fuel cell application codes and standards identified during analysis. The individual sections provide additional extensive listings of codes and standards gaps. The gaps listed in this table were deemed more important by the authors or the experts interviewed by the authors.
This report was written with input from experts in stationary fuel cell applications. Table 2 identifies the various experts who provided input to this report. Tables   iii  Table 2 
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Purpose
The purpose of this report is to identify gaps in stationary fuel cell application codes and standards and to recommend actions that provide a means to fill these gaps. The focus of this gap analysis is on stationary fuel cell applications. The existence of these gaps represents barriers to the implementation of stationary fuel cell systems. This analysis also identifies specific activity that leads to the elimination of the codes and standards gaps. These recommendations will help define codes and standards development work and priorities. This report presents a comprehensive summary of the codes and standard gaps for stationary fuel cell applications.
Codes and standards facilitate the development and implementation of new technologies. This is especially true in cases where commercial success is predicated upon contributions from multiple industries, such as stationary fuel cells. Stationary fuel cell equipment must be available that is compatible with other existing power equipment. At the same time, it is also required that fuel be available for the stationary fuel cell application, thereby requiring transit, storage, and transfer infrastructure. To ensure national security for the United States and to alleviate the dependence on imported fossil fuels, the U.S. Department of Energy (DOE) Fuel Cell Technologies Program supports the use of stationary fuel cells.
The use of alternative fuels is growing and the number of stationary fuel cell applications that operate on such fuel has dramatically increased in the past decade. Unique infrastructure impacts will be encountered, including production capacity and impact on existing demands and safety, as well as achieving appropriate stationary fuel cell application performance in a consumer market.
The number of stationary fuel cell applications powered by non-conventional alternative fuels is growing. To facilitate the development of the emerging markets, the stationary fuel cell application Codes and Standards Group at NREL initiated a study to identify specific gaps in the codes and standards structure for stationary fuel cell applications. This codes and standards analysis was broadened to include regulatory or policy issues that impede application of a technology. This gap analysis involved a comprehensive review of the existing codes and standards currently applied to each fuel type. To ensure a thorough analysis was performed, experts in the fuel cell industry with extensive handson experience were consulted. These experts provided unique insights into the status of the identified applications. The expert discussions were incorporated into the following analysis. See Appendix I for brief expert biographies.
Codes and Standards -Generic Overview
Codes and standards are developed to ensure that processes and products meet uniform requirements. Codes and standards guide the implementation of energy technology by providing an accessible framework that sets unified engineering and design specifications. Performance specifications, component compatibility, and safety are all addressed by codes and standards. Although often interchangeable, the terms code and standard have distinct meanings and implications. Both should be written in legally enforceable language. However, as defined in fire and building codes, a code dictates that a requirement must be met and is often implemented and enforced by Authorities having Jurisdiction (AHJs). A standard defines how to fulfill the requirement dictated by the code. For example, a building code might require a certain type of building to use sprinkler protection. A sprinkler standard, which could be referenced within the code, specifies the requirements for building sprinkler systems. The standard, on its own, does not require anything; it merely defines metrics within the context of the standard itself. For enforceability, the standard is incorporated into a code or regulation that mandates compliance to the standard. Figure 1 illustrates the codes and standards hierarchy.
Codes, and by extension standards cited within codes, are legally enforceable documents when a jurisdiction adopts them either by reference or direct incorporation into the jurisdiction's regulations. Standards, referenced in the code, then become legally enforceable documents when the code is adopted. Codes and standards for the built environment are typically enforced at the local level by the town or county building and fire department, the typical AHJ for local governments. Stationary fuel cell application codes and standards are typically enforced at the federal (at government facilities) or state levels, which tend to have greater self-enforcement than built environment codes and standards.
Codes and standards in the United States are, for the most part, promulgated under a system of rules established by the American National Standards Institute (ANSI) [3] . Several Standards Development Organizations (SDOs) develop codes and standards according to ANSI rules for document development and maintenance.
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Fuel Cell Technologies Codes and Standards Project
NREL's Codes and Standards Group applied a comprehensive approach to addressing codes and standards gaps for the Fuel Cell Technologies Program. Codes and standards issues as they related to safety, fuel quality, education and outreach programs, as well as production, transit, and storage infrastructure were addressed. The success of this activity clearly demonstrates that this approach would facilitate implementation of the other fuel cell applications. Accordingly, NREL's Codes and Standards Group addressed all stationary fuel cell application codes and standards. The approach used for hydrogen technologies, which included National Template for Codes and Standards, Research, Training and Outreach, and Codes and Standards Development, has been applied to all stationary fuel cell application codes and standards. Figure 2 illustrates the outline for the comprehensive Codes and Standards Program.
National Templates
A national template for specific stationary fuel cell applications has been developed. The template provides an overview of the codes and standards associated with stationary fuel cell applications. The codes and standards referenced in each section are intended to provide a comprehensive listing of codes and standards that pertain to stationary fuel cell applications.
Research
Often, sufficient data does not exist to allow for the defensible development of an enforceable standard. When the need for technical information for a code or standard is identified, a research program is initiated and designed to provide the necessary data. The research is performed within the national laboratory system, directly or through managed subcontracts, and the result is presented directly to the technical committee responsible for producing or revising a code or standard.
Training and Outreach
The NREL Codes and Standards Group has an active Training and Outreach Program, providing multi-media and on-site training opportunities for code officials and other stakeholders. Training opportunities for fuel cells are available through online resources, printed media, fact sheets, and on-site training workshops. Online resources include case studies of various facilities (e.g., cell towers and fueling stations), searchable databases of relevant codes organized by topic and code organization, and networking opportunities with personnel experienced in the permitting process. Special topics are also included online, such as the "Introduction to Hydrogen for Code Officials" short course [1] . Complementing the online resources are live training workshops and presentations to various code officials. Special emphasis is on the training workshop for permitting officials, of which more than 10 were held in two years [2] . The NREL Training and Outreach Program also provides Third Party Reviews for key programs (e.g., fork lift operations). Printed media includes handouts at workshops, and hydrogen fact sheets. The success of the Hydrogen Training and Outreach Program ensures that comparable programs for alternative fuels are highly beneficial.
Fuel Cell Technologies Codes and Standards Development Process
Codes and standards development is occurring within the domestic market and in the international arena. Typically, codes and standards are written through a consensus process by a committee comprised of interested parties and stakeholders. To ensure a balanced representation among stakeholders during the development process, the committee is comprised of representatives from industry, end-users, and regulatory agencies. NREL is represented on several codes and standards technical committees as well as actively monitoring the activities of several committees. Using information from these technical committee activities, NREL determines where research or data are needed to help develop new codes and standards requirements, and also ensures harmonization between domestic and international standards. NREL conducts research at NREL or coordinates research so it is conducted at other DOE laboratories or independent laboratories under the auspices of DOE to produce the required information. NREL then presents this information directly to the codes and standards technical committees for use in document development. By working directly with the codes and standards development committees, NREL ensures that the information needed for new codes and standards requirements is presented directly to the committee and that committee members have an opportunity to discuss and, therefore, clearly understand the information. In addition, NREL's participation on the codes and standards committees ensures harmonization between standards. Figure 3 illustrates the NREL Codes and Standards development protocol, which is consistent with the procedure mandated by ANSI.
The process of working directly with the codes and standards technical committees has been effective. Several projects progressed as a result of this direct participation in the codes and standards development process, including the following: In all cases, the stationary fuel cell utilizes a fuel gas to produce electricity by the use of an electrolyte between an anode and cathode. There are also several challenges relative to fuel cell technology commercialization [5] . Cost and durability are the major barriers; however, several other hurdles exist depending upon which technology and application is employed. System size, air, and thermal and water management are all barriers to fuel cell technology commercialization.
A fuel processor converts fuel fed to the fuel cell into a usable form [6] . A processor may not be required when hydrogen is the feed gas; however, the hydrogen may need to be purified. If the system is powered by a hydrogen-rich, conventional fuel, such as methanol, gasoline, diesel, or gasified coal, a reformer is typically used to convert hydrocarbons into a gas mixture of hydrogen and carbon compounds called "reformate." In many cases, the reformate is then sent to another reactor to remove impurities to tolerable levels before it is sent to the fuel cell stack. This process prevents impurities in the gas from binding with the fuel cell catalysts. This binding process is also called "poisoning" because it reduces the efficiency and life expectancy of the fuel cell. It is important to note that when hydrogen is used as the fuel fed to the fuel cell, generally the hydrogen is produced by steam methane reforming of compressed natural gas. Further research efforts are ongoing to capture the carbon compounds produced during this process.
Some fuel cells, such as molten carbonate and solid oxide fuel cells, operate at temperatures high enough that the fuel can be reformed in the fuel cell itself. This is called internal reforming. Fuel cells that use internal reforming still need traps to remove impurities from the unreformed fuel before it reaches the fuel cell.
Both internal and external reforming release carbon dioxide, but less than the amount emitted by internal-combustion engines, such as those used in gasoline-powered vehicles.
In addition to the technologies discussed above, there are other types of fuel cells available, but not commonly used. Figure 5 shows a comparison of fuel cell technologies. Codes and Standards Structure Table 3 , below, contains citations for codes and standards that are applicable to stationary fuel cell applications. The citation set is generally focused on hydrogen applications and are for a typical application; however, there may be variations in specific jurisdications. 
Gaps in Codes and Standards
Model and Design Codes
Model codes and standards exist for the installation of stationary fuel cell applications. In general, the codes and standards are complete with no large gaps. However, in some cases, there is some confusion that exists at the installer and inspector level, generally regarding the storage of alternative fuels. For example, an instance was cited where neither party could determine which separation distances apply according to NFPA 55, 10.3.2.2.2.
Appliances and Generators
There are currently no listings that apply to hydrogen generators that are not a part of the fuel cell system. The Underwriters Laboratory (UL) listing for generators is currently held up because the Compressed Gas Association (CGA) has not granted rights to ISO for referencing CGA standards. Until this gap is filled, FC-1 and NFPA 853 could be used.
Component Standards
Currently, there are no component standards for hydrogen use in low-and high-pressure systems, including valves, regulators, fittings, flexible connectors, etc.
Qualification Testing
Qualification testing standards for plastic and composite components need to be developed.
Hazardous Waste
Some fuel cell systems with internal reformers contain materials that are considered hazardous waste when removed from the system for replacement. This waste disposal issue may add to the system cost and could be potentially addressed through using less hazardous materials.
Fuel Quality
There is currently no fuel quality specification standard for stationary fuel cell applications that utilize hydrogen as a fuel. ISO TC197 Working Group 14 has been formed for the purpose of drafting a fuel specification standard. Domestically, industry focus is to utilize SAE J2719 specification as a reference in CGA 5.5.
Product Standard Including "Bumping" Refills of Stationary Storage
There is no domestic product standard for the dispensing of hydrogen for stationary fuel cell applications. Furthermore, there is no process for refilling stationary storage systems for stationary fuel cell applications (bumping). The fuel cells used for backup power typically do not require frequent filling or cylinder replacement so this has not been an issue that has impeded operating fuel cells.
Coordination of International and Domestic Fuel Cell Standards
Most fuel cell manufacturers sell their products in more than one country. Selling in multiple country markets can create the need for coordination between U.S. and international fuel cell standards. This coordination has been, for the most part, addressed through industry representation on domestic and international standards development committees. Table 4 presents a summary of the identified Codes and Standards Gaps for alternative fuels used with stationary fuel cell systems. Also included in the table is the impacted document and proposed means to address the gap. 
Summary
Conclusion
The previous sections presented the status of the codes and standards for stationary fuel cell applications. The broad conclusion of this report is that, because of the development of several key documents, and Article 692 of the NEC, stationary conventionally fueled fuel cell systems can be installed and operated without significant codes and standards delays. There is an ongoing need to coordinate alternative fuel storage installation and component product safety standards, and domestic and international standards. The mechanisms to accomplish this coordination are to a large extent in place and functional. These mechanisms include industry participation on the various codes and standards technical committees responsible for these various aspects of fuel cells, and DOE monitoring and participation in the codes and standards development process.
The stationary fuel cell technologies that currectly are being commercially applied are: Mr. Rivkin has more than 25 years of experience in safety and environmental engineering, including work at a regulatory agency. Prior to joining NREL, Mr. Rivkin worked for the NFPA on alternative energy code projects. He was also the editor of "The NFPA Guide to Gas Safety," published in 2005, which has several chapters devoted to hydrogen and flammable gas safety.
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